The paper analysed the returns to scale and scale elasticity prevailing in the Lithuanian family farms. The analysis was based on the farm-level data. Specifically, the three farming types were considered, viz. crop, livestock, and mixed farming. The non-parametric method, data envelopment analysis, was employed to define the production frontier and compute the estimates of the scale elasticity. The inefficient observations were projected on the production frontier and analysed both in input and output orientations. Meanwhile, the efficient observations were treated in accordance with Banker and Thrall (1992) . The results enabled to estimate the most productive scale size for each of the considered farming types. The farm size was expressed both in absolute and relative terms. These estimates, indeed, might provide a momentum for discussions in regard to the farm structure and sustainable agricultural policy in Lithuania.
INTRODUCTION
Returns to scale and scale elasticity constitute a fundamental issue for the economic analysis and performance management. Specifically, the ana lysis of the prevailing returns to scale enables to describe the structure of a certain sector in terms of scale efficiency. Accordingly, various studies attempted to estimate the underlying returns to scale (Growitsch et al., 2009; Atici, Podinovski, 2012) . Indeed, the regulated economic sectors fea ture a particular need for suchlike analyses.
The agricultural sector features a substantial public support as well as some legal regulations related to land acquisition etc. It is, therefore, important to conduct the relevant researches to streamline the aforementioned policies. Further more, economies with relatively high importance of the agricultural sector need to develop it as a key economic activity in the rural areas. Noti ceably, the Central and East European countries are specific with these circumstances and thus re quire researches on the agricultural efficien cy and productivity (Gorton, Davidova, 2004) . Consequently, Thiele and Brodersen (1999) ana lysed the performance of the West and East Ger man farms with respect to returns to scale. La truffe et al. (2005) focused on the Polish farms while analysing the technical and scale efficien cies. Vasiliev et al. (2008) conducted a similar analysis on the Estonian grain farms.
The Lithuanian agricultural sector was ana lysed in terms of the scale efficiency (Vinciūnie nė, Rauluškevičienė, 2009 ), yet the question of the optimal (most productive) farm size in Li thuania needs to be further tackled. This paper thus aims at analysing the scale elasticity specific for the Lithuanian family farms and thus drawing insights on the most productive scale size.
The elasticity of scale can be estimated once the production frontier is established for a technology of interest. This paper employs the data envelop ment analysis (DEA), which constitutes a proper tool for analysis of the scale elasticity (Solei maniDamaneh et al., 2009). Therefore, we fol low an axiomatic nonparametric deterministic approach. The axiomatic approach implies that the axioms of the free disposability, convexity, and minimal extrapolation (Afriat, 1972) are re spected. The nonparametric approach implies that there are no assumptions on the distribution of the error terms. However, the DEA implicitly assumes the piecewiselinear functional form of the underlying production function. Finally, the deterministic approach means that the whole er ror term is assumed to arise due to inefficiency. The DEA can be employed in either qualitative or quantitative approach. The qualitative approach (Färe et al., 1983; Grosskopf, 1986) enables to de termine what type of returns to scale is specific for a certain decision making unit. The quantita tive approach enables to quantify scale elasticity in DEA. The latter analysis can be, in turn, imple mented in an indirect or a direct approach. The indirect approach was introduced by Banker and Thrall (1992) The paper is organised in the following man ner: Section 2 presents the quantitative analysis of scale elasticity by the means of DEA. Section 3 presents the data used for the analysis. Results of the empirical analysis are presented in Section 4.
Preliminaries for the quantitative assessment of RTS Scale efficiency (SE) is obtained as the ratio of the constant returns to scale (CRS) efficiency score to the variable returns to scale (VRS) ef ficiency score. Figure 1 depicts the measure of scale efficiency as well as the associated proper ties of returns to scale. T CRS and T VRS denote the production possibility sets defined under the as sumptions of CRS and VRS, respectively. In case of the input orientation the observation A is pro jected onto the VRS and CRS frontiers at A in VRS and A in CRS , respectively. It is due to Färe et al. (1983) and Grosskopf (1986) that the latter observation would fall in the region of increasing returns to In addition, the SE would also be below unity (after inversion of the outputoriented efficiency scores). Therefore, (i) a certain observation can be considered as operating in different regions of RTS under different orientation of the DEA mod el, (ii) the SE cannot indicate the exact region of the prevailing RTS. Furthermore, the SE measure cannot render the elasticity of scale measure.
As a remedy to the aforementioned issues, one needs to analyse the returns to scale (scale elasticity) rather than SE. The qualitative approach (Färe et al., 1983; Grosskopf, 1986) can be employed to classify the observations in terms of the prevailing RTS, albeit no information about the differences within the groups would be recovered. The quantitative ap proach (F�rsund, 2004) can thus be employed to analyse the underlying RTS. In the sequel we will focus on the indirect measurement thereof.
The initial efficiency scores, θ
VRS
, are obtained by solving certain linear programming problems. Let there be K DMUs identified by the index k = 1, 2,…, K using input quantities given by vec tors x k = (x 1,k , x 2,k ,…, x m,k ) and producing output quantities given by vectors y k = (y 1,k , y 2,k ,…, y n,k ), where m and n are numbers of inputs and outputs, respectively. The inputoriented VRS efficiency scores, θ t CRS , are then obtained by solving the fol lowing problem (t = 1, 2,..., K):
In case of the output orientation, the output oriented efficiency scores, ϕ, are the Farrell effici ency measures. The following DEA model yields the outputoriented measures of efficiency under CRS:
The returns to scale can be quantified by con sidering some additional linear programming problems. First, the observed production plans are projected onto the efficiency frontier, i. e. the ob servations (θ VRS x 0 , y 0 ) and (x 0 , ϕ VRS y 0 ) are analysed for the input and output orientation (indexes t are dropped here for brevity). The dual DEA mod els are used for the further analysis. The input oriented VRS technical efficiency score is given by: (3) where v 0 is the shadow price of the convexity con straint in Eq. 2, . Specifically, v 0 < 0 is associated with increasing returns to scale, v 0 = 0 implies CRS and v 0 > 0 is associated with decreas ing returns to scale.
The outputoriented multiplier problem is de fined in the following way:
The inputoriented scale elasticity is then com puted as (F�rsund, 2004 ) (5) where ν 0 t solves Eq. 3 for the tth farm. The val ue of ε t in exceeds unity in case of IRS and is lower than unity in case of DRS. More specifically, the increase in the aggregate input of 1% renders an increase in the aggregate output of ε t in %. Indeed, similar computations are available for the output orientation: (6) It is due to Banker and Thrall (1992) that the effi cient DMUs located on the facets of the production frontier (surface) feature shadow prices that are not unique. Accordingly, Banker and Thrall (1992) defined the linear programming problem aimed at finding the lower and upper bounds for scale elas ticity of the efficient observations. The input or outputoriented scale efficiencies are computed by employing the input or outputadjusted observa tions, respectively, and restricting the efficiency score equal to unity. However, the orientation has no impact for an efficient observation lying on the frontier. The following model yields the estimates of the upper bound of the shadow price associated with the convexity constraint:
Similarly, the lower bound of the shadow price, The efficient points lie on the production fron tier and we therefore do not need to consider the scale elasticity bounds based on the outputorient ed shadow prices (F�rsund, 2004) . The estimator given by Eq. 7 can range in (-∞, 1) thus yielding elasticities of scale ranging in (0, ∞). Elasticity of zero (resp. infinity) implies that an observation lies on the horizontal (resp. vertical) part of the efficiency frontier in the inputoutput space.
Data used
The data for 200 farms selected from the FADN sample covered the period of 2004-2009. Thus a balanced panel of 1 200 observations was em ployed for analysis. The technical efficiency was assessed in terms of the input and output indi cators commonly employed for agricultural pro ductivity analyses. More specifically, the utilized agricultural area (UAA) in hectares was chosen as land input variable, annual work units (AWU) as labour input variable, intermediate consumption in Litas, and total assets in Litas as a capital factor. The last two variables were deflated by respec tive real price indices provided by Eurostat. On the other hand, the three output indicators represent crop, livestock, and other outputs in Litas (LTL), respectively. The aforementioned three output in dicators were deflated by respective price indices. The analysed sample covers relatively large farms (mean UAA -244 ha). As for labour force, the average was 3.6 AWU.
In order to quantify the differences in efficiency across certain farming types, the farms were classi fied into the three groups in terms of their specia lization. Specifically, farms with crop output larger than 2/3 of the total output were considered as specialized crop farms, whereas those specific with livestock output larger than 2/3 of the total output were classified as specialized livestock farms. The remaining farms fell into a residual category called mixed farming.
Each farming type was analysed independent ly in order to avoid infeasibilities associated with extreme observations specific for different farming types. Furthermore, the superefficiency DEA mod el (Andersen, Petersen, 1993 ) was employed to identify the outliers. In our case, those farms exhi biting the inputoriented superefficiency scores above 1.2 were excluded from the sample. As a result, the crop, mixed, and livestock farm sam ples comprised 706, 148, and 121 observations, respectively. The further studies, though, could focus on a stepwise analysis of the returns to scale under the framework of contextdependent DEA (Ulucan, Atici, 2010).
Returns to scale across farming types
The patterns of the prevailing returns to scale and scale elasticity were analysed across the three different farming types, viz. crop, mixed, and live stock farming. The analysis aimed at estimating the MPSS. Specifically, the three main variables describing the observed scale size were chosen for the research: UAA in hectares, land input in AWU, and the total output in Litas.
The relationships between each of the lat ter variables and scale elasticity were quantified by employing the loglog regression, which ap peared to feature the best fit. The values of the scale elasticity were truncated at 3 to improve the visualisation. Both input and outputoriented models were considered for inefficient observa tions. The efficient ones were treated by the vir tue of Eqs. 5-7. Furthermore, certain ratios were then derived in order to analyse the labour inten sity and land productivity at the MPSS. Note that the projections of the inefficient observations were analysed instead of the original data. Other wise, the input (output) values would be inflated (contracted) due to technical inefficiency. Thus, one can focus solely on the scale efficiency by analysing the projections.
In the sequel, we will analyse the results across the three farming types, viz. crop, livestock, and mixed farming. The corresponding equations de scribing the relationships between input (output) indicators and the scale elasticity measure are giv en in Figs. 2-19 . The optimal values of inputs and outputs were obtained by setting scale elasticity equal to one, logging both sides of the equation and then solving it for the variable of interest.
Crop farming
The relationships between UAA and scale elasti city for crop farms are given in Figs. 2-3. As one can note, the point estimate of the UAA associat ed with the optimal scale varied, depending on the model's orientation, in between 83 and 409 ha. Specifically, the inefficient crop farm projections featured the optimal UAA of 257 and 255 ha The optimal amount of the labour input ran ged in between 1.4 and 5.3 AWU for the crop farms. Specifically, projections of the ineffi cient farms reached the MPSS in the inter val bounded by 3 and 3.4 AWU (Fig. 4) . The optimal labour input for efficient farms fluc tuated in between 1.4 and 5.3 AWU (Fig. 5) . The coefficients of determination associated with equations describing the relationships betwe en labour input and scale elasticity mea sure were rather low if compared to those observed for ot her inputs or outputs. Indeed, the scatterplots do indicate that farms employing a relatively high amount of the labour force (>10 AWU) managed to deviate from the optimal scale to a lower extent if compared to farms employing less labour force.
The lower bound of the total output of the crop farms in the region of CRS was LTL 147 thou sand, whereas the upper one was slightly over LTL 1 million considering the efficient farms (Fig. 6) . As for inefficient ones, the MPSS was achieved under LTL 609-709 thousand (Fig. 7) . Therefore, the total output varied alongside the model's orientation to the highest extent. Table 1 summarises the results for the crop farms. Generally, crop farms of some 250 ha in size appeared to be those operating in the region of CRS. However, the lower and upper values ob tained for the efficient farms diverged from the latter figures to a certain extent. Noteworthy, Vasiliev et al. (2008) employed DEA and esti 2008) employed DEA and esti mated that the optimal Estonian grain farm size should fall in the range of 239-341 ha. Mean while, Luik et al. (2009) concluded that the same figure should be in between 200 and 600 ha. As for the labour force, the optimal amount was some 3 AWU. Finally, the total output in the region of CRS was LTL 600-700 thousand (ca. EUR 175-200 thousand).
The farm size can also be analysed in terms of the relative indicators (i. e. ratios). The results did indi cate that the amount of land per one unit of labour (AWU) fell in the interval of 58-84 ha. The total output generated per one hectare of UAA ranged in between LTL 1.8 and 2.8 thousand. Meanwhile, the amount of the total output per unit of labour (AWU) asso ciated with CRS was LTL 100-216 thousand.
Livestock farming
The univariate regression suggested that the inef ficient livestock farms reached the region of CRS at 139-147 ha (Fig. 8) , whereas the efficient farms featured the respective solutions ranging in betwe en 44 and 221 ha (Fig. 9) .
The labour input specific for the inefficient farms was 4.3-4.5 AWU in the CRS region and 2.1-6.6 AWU for the efficient farms. Indeed, there were quite a few farms with extreme values of the labour input. Therefore, the impact of farm expansion in terms of the labour input can be mainly estab lished by the means of extrapolation. Accordingly, the coefficients of determination for the underlying equations were rather low (Figs. 10-11 ). The inefficient livestock farms were specif ic with the total output amounting up to ca. LTL 440-480 thousand (EUR 128-138 thou sand), see Fig. 12 . The corresponding interval for the efficient farms was some LTL 140-820 thousand (EUR 40-237 thousand). Figure 13 depicts the relationship between elasticity of scale and total output in the efficient livestock farms. Considering the inefficient farms, the MPSS for the livestock farms was achieved at some 140 ha of the UAA ( Table 2 ). The labour force employed at the livestock farms operating at the optimal scale reached some 4.5 AWU and, thanks to the different technology, exceeded the respective figure for the crop farming. Mean while, the total output in the region of CRS was LTL 438-478 thousand.
The relative livestock farm size in the region can be described as follows: The amount of UAA per one unit of labour was 20-34 ha. Land producti vity fluctuated around some LTL three thousand, where as labour productivity ranged in between LTL 66 and 124 thousand. Note that these figures are lower than the respective ones associated with the crop farming. Accordingly, livestock farming might be less appealing at least in the range of CRS.
Mixed farming
The optimal mixed farm size in terms of UAA differed depending on the model's orientation for the inefficient farms: 195 ha in case of the input oriented model, and 82 ha in case of the output oriented one (Fig. 14) . The UAA associated with CRS varied in between 59 and 249 ha for the effi cient farms (Fig. 15) . Thus mixed farms are rath er vague in terms of the optimal UAA.
For the inefficient mixed farms, the full scale efficiency was achieved in between 2.9 and 4 AWU depending on the model's orientation (Fig. 16) . Meanwhile, the efficient farms reached CRS at 2.3-5.2 AWU (Fig. 17) .
The total output in the region of CRS varied significantly across the input and output orient ed models (Fig. 18) : The inputoriented mod el yielded the value some LTL 370 thousand (EUR 107 thousand), whereas the outputoriented one yielded LTL 175 thousand (EUR 50 thousand). The efficient farms featured even wider interval of the total output at the optimal scale (Fig. 19) , name ly LTL 110-508 thousand (EUR 32-147 thousand). Table 3 presents the main results regarding the optimal scale of the mixed farms. As one can note, these farms fell in between the specialised crop and livestock farms in terms of UAA and labour input. However, the mixed farms are more simi lar to the livestock ones: The UAA was 82-195 ha, whereas the labour input amounted to 2.9-4 AWU (based on inefficient observations).
The ratios describing farm size at the optimal scale were more consistent across the approaches of measurement. The results did indicate that scale efficiency had been ensured at farms which maintained the ratio of UAA and labour force at 26-50 ha/AWU. The land productivity fell into the interval of LTL 1.9-2.1 thousand/ha. The mixed 
Comparison of the results
Given the results discussed above vary alongside the chosen measurement approaches, it is impor tant to summarize those findings. The following Figs. 20-21 attempt to present the labour pro ductivity and the amount of land per one labour unit, respectively.
The crop farms operating at the most produc tive scale size should maintain the highest labour productivity (Fig. 20) . The livestock and mixed farms would face quite similar levels of the labour productivity. The mixed farms, though, would fea ture the lowest labour productivity across all the approaches of measurement.
As it was expected, the crop farms were fol lowed by the mixed ones in terms of the amount of UAA per labour unit (Fig. 21) . However, in one The presented relative measures of farm size could be considered as some sort of guidelines for sustainable agricultural policy. The exact val ues, though, can be considered as tentative ones along with other objectives (e. g. employment, farm structure).
CONCLUSIONS
The quantitative analysis of the returns to scale in the Lithuanian family farms suggested that the crop farms should be some 250 ha in size with labour force amounting to 3-3.4 AWU. The to tal output associated with the optimal scale was LTL 600-700 thousand.
The livestock farms should be smaller in terms of land (soma 140 ha), albeit larger in terms of labour (4.3-4.5 AWU). Indeed, the total output associated with the optimal scale of production, LTL 438-478 thousand, suggests that the labour productivity in livestock farming (some LTL 100 thousand/AWU in the region of CRS) would be lower if compared to that in the crop farming (LTL 180-216 thou sand/AWU in the region of CRS). Therefore, the livestock farming needs certain measures aimed at increasing the total output in order to increase its attractiveness and viability.
The mixed farming featured the size 82-195 ha and 2.9-4 AWU. The land productivity fluctuat ed around LTL two thousand/ha in the region of CRS, whereas the labour productivity ranged in between LTL 60 and 93 thousand/AWU. This farm ing type, therefore, featured the lowest land and labour productivity thus implying some sort of diseconomies of scope.
The carried out analysis revealed that the abso lute measures of the farm size varied rather highly with the measurement approach. The relative meas ures, though, were less variant ones. Accor dingly, it might be more reasonable to speak of farm size in terms of the relative measures, e. g. the amount of land per worker, land productivity, labour productivity.
